Air transport management-airline schedule planning by Mat Noor, Nurul Huda et al.
Prosiding Simposium Pengurusan Teknologi, Operasi & Logistik, (SIPTIK III) 




AIR TRANSPORT MANAGEMENT-AIRLINE SCHEDULE 
PLANNING 
Nurul Huda Mat Noor, Tengku Nurul Liyana Tengku Izaham and Javier Yeap Gay Chen 
School of Technology Management and Logistics, College of Business, 
Universiti Utara Malaysia, 06010, Sintok, Kedah, Malaysia 
Department of Logistics & Transportation, School of Technology Management & Logistics, 
University Utara Malaysia, 06010, Sintok, Kedah, Malaysia 
Email: javieryeapgaychen206384@gmail.com  
 
ABSTRACT 
Developing a profitable schedule play a major rule 
in airlines business, this is because a profit was 
critically depending on its flights offering. This 
research focuses on the study of the steps of the 
airlines schedule planning process including 
schedule design and fleet assignment. Airlines 
schedule design including the deciding of when and 
where to offer a flight, in order to produce 
maximum profit, and fleet assignment include the 
determining of suitable aircraft to the flight legs to 
raise maximum profit and minimum operational 
cost. This research present integrate model that had 
been develop before this by using mathematical 
model that optimizing a flight legs selection and the 
assignment of aircraft types to the selected flight 
legs. In this research will concern to the several 
approach to accurately calculate and minimize the 
cost of propagated delay. 
Keywords :  
Algorithm, robust, simplex, forecasting, airlines 
scheduling management. 
1.0 INTRODUCTION 
When somebody talked about air transportation 
management it can be everything about the 
significance to the air world like aviation system, 
aerospace industry and so on. So, the words 
management here is refer to process of achieving an 
organizations goal through the coordinated 
performance of five specific functions like planning, 
leading and others. The combining words of air 
transportation management give huge impacts and 
play a major role. The term management is 
generally used to describe a major unit within the 
company, such a flight operations, marketing and 
personnel. So, scheduling is also the management 
process that represents one of the primary products 
of an airline and certainly the leading factor in a 
passenger’s choice of a particular carrier. 
Inside this research will mainly focus about airline 
schedule planning. Airlines have evolved over the 
past 70 years from simple contract mail carriers into 
sophisticated businesses. The current airline 
environment is very competitive and dynamic. 
Maintaining consistent profitability requires that 
appropriate trade-offs be made between the often 
competing objectives within planning, marketing 
and operations. Airlines have led other industries in 
the application of operations research and 
information technology to deal with these issues. 
The real-time solution of large-scale optimization 
models has played a significant role in shaping 
today’s airline industry. This role will increase as 
the industry becomes more competitive and flight 
characteristics change due to the implementation of 
new technologies. Airline planning and scheduling 
represents an excellent example of the application 
of operations research and mathematical modelling 
to solve complex and real industry problems. 
1.1 Problem Statement 
In this world air transportation play a major role in 
the logistics industry so a good air transport 
management is crucial for this field. Inside this 
research will focus mainly on airline schedule 
planning which is an important part for an airline 
company. During the festivals days for example 
Deepavali, Hari Raya, Chinese New Year, the 
demand for airline will increase dramatically 
because got many citizens will go back their 
hometown to celebrate the festivals with their own 
family so an airline company needs an efficiency 
airline schedule planning to fulfil the demand from 
the customers if a company schedule planning is 
not efficiency than it will make the schedule 
become very confuse, create many unnecessary 
problems and indirectly will affect the company 
revenue. 
1.2 Objective: 
• To study the mission and importance of 
the airline schedule planning. 
• To study the major internal and external 




• To identify the flight-operations factor in 
schedule planning. 
• To study the role of scheduling department 
in developing the schedule planning process. 
• To study such a unique problem facing 
schedulers as traffic flow and operational 
difficulties of adjusting schedules. 
 
2.0 LITERATURE REVIEW 
Aviation provides the only transportation network 
across the globe and it is crucial for global business 
development and tourism enrichment. Air 
transportation is one of the most important services 
to offer both significant social and economic 
benefits. By serving tourism and trade, it 
contributes to economic growth. It also provides 
jobs and increases tax revenues. Air transportation 
is essential for the fast movement of people and 
cargo shipments around the world. Finally, air 
transportation improves the quality of people’s lives 
by broadening their leisure and cultural experiences. 
It gives a broad choice of holiday destinations 
around the world and is an affordable means to visit 
distant friends and relatives (ATAG 2005). 
The use of commercial aviation has grown 
significantly over the last few decades, estimated to 
be more than seventy-fold since the first jet airliner 
flew in 1949 (ATAG 2005). This rapid growth is 
attributed to a number of factors. First, rising 
disposable income and quality of life in many parts 
of the world have encouraged more people in these 
areas to travel and explore opportunities overseas. 
Second, deregulation of aviation laws, and bilateral 
and open-sky agreements between governments 
have opened new markets for airlines, which make 
travel easier and cheaper. Third, demand is 
increasing because of growing confidence in 
aviation as a safe mode of travel. Fourth, increased 
efficiency and increasing competition have reduced 
world airfares and the cost of travel. Finally, 
globalization has increased the average distance 
travelled, as people do business in countries which 
now have improved political and social 
environments. The impact of these factors is 
expected to continue, however, at different levels in 
different parts of the world. The number of air 
travellers and the volume of air cargo is expected to 
continue to grow, increasing the pressure on all the 
contributors to the air transportation service to take 
advantage of opportunities and efficiently manage 
their service. 
A major player in the air transportation industry is 
the airline. Current records indicate that there are 
more than 900 commercial airlines around the 
world, with a total fleet of nearly 22,000 aircraft 
(ICAO 2006). Commercial airlines serve nearly 
1,670 airports through a route network of several 
million kilometres. These airlines transport close to 
2 billion passengers annually and 40 per cent of 
interregional exports of goods (by value). Also, an 
estimated 2.1 million people are employed by 
airline or handling agents: for example, as flight 
crew, checking staff, and maintenance crew (ICAO 
2006). Airline services are categorized as being 
intercontinental, continental, regional, or domestic, 
and may be operated as scheduled services or 
charters. In terms of size, airlines vary from those 
with a single airplane carrying mail or cargo, 
through full-service international airlines operating 
many hundreds of airplanes. In many parts of the 
world, airlines are government-owned or supported. 
In recent decades, however, the trend has been to 
move toward independent, commercial public 
companies by giving more freedom to non-
government ownership of airlines. 
3.0 METHODOLOGY 
Research methodology is a way to systematically 
solve the research problem. It may be understood as 
a science of studying how research is done 
scientifically. It is necessary for the researcher to 
know not only the research methods/techniques but 
also the methodology. Researchers not only need to 
know how to develop certain indices or tests, how 
to calculate the mean, the mode, the median or the 
standard deviation or chi-square, how to apply 
particular research techniques, but they also need to 
know which of these methods or techniques, are 
relevant and which are not, and what would they 
mean and indicate and why. Researchers also need 
to understand the assumptions underlying various 
techniques and they need to know the criteria by 
which they can decide that certain techniques and 
procedures will be applicable to certain problems 
and others will not. All this means that it is 
necessary for the researcher to design his 
methodology for his problem as the same may 
differ from problem to problem. Inside this research 
got several types of research methodology for 
example included forecasting, decision modelling, 
robust and algorithm, and so on. 
Basically in our research, we did not use any 
statistical data collection. Based on our references 
to carry out this study, most the researchers took a 
data from a major U.S airline. It is mean that, the 
researcher only used the secondary data, and fully 
not a primary data, as example data from the 
meteorological department. Thus, ticketing data as 
part of the U.S department of transportation origin 
and destination data bank and bureau of 
transportation statistic or data base product that 
used in our referenced. Airlines reporting 




primary ticketing cleansing house for airline and 
travel agency outside U.S, are the sources of 
ticketing information in our referenced.  
 
3.1 Data Analysis Methods 
There are variety data analysis methods that have 
been used in our reference, mostly in the reference 
for the scheduling subject, the researcher just use 
the mathematical model to solve the complex 
model. They do develop a model to the subject of 
interested. So, for the general methods that exist in 
our references, there are forecasting, quality of 
service index that are relate an itinerary’s passenger 
share to its quality, these preference weight are 
obtained using statistical technique and analysis 
intuition. However, there are the list analysis 
methods that used in this references; discrete 
method choice, simplex model, algorithm, 
derivative rules, decision making technique and 
decision modelling. 
4.0 FINDINGS 
4.1 Integrated model 
In the first model, integrate the fleet assignment and 
schedule design by simultaneously considering 
optional flight legs to select along with the 
assignment of aircraft types to all schedule legs. In 
addition, the itinerary – based demands is 
considered to multiple fares – classes. The second 
proposed model augments the first model with 
additional features such as flexibility flight times, 
schedule balance, and demand recapture 
considerations. Optional flight legs are incorporated 
to facilitate the construction of a profitable schedule 
by optimally selecting among such alternatives in 
concert with assigning the available aircraft fleet to 
all the schedule legs. Moreover, network effects 
and realistic demand patterns are effectively 
represented by examining itinerary – based 
demands as well as multiple fare – classes. 
Allowing flexibility in the departure times of 
scheduled flight legs within the framework of an 
integrated model increases connection opportunities 
for passengers, hence yielding robust schedule 
while saving fleet assignment costs. A provision is 
also made for airlines to capture an adequate market 
share by balancing flight schedules throughout the 
day. In the third model, integrate the schedule 
design, fleet assignment, and aircraft maintenance 
routing decision, while considering optional legs, 
itinerary – based demands, flexible flight retiming’s, 
recapture, and multiple fare – classes. The fourth 
model in which the crew scheduling problems are 
additionally integrated with fleet assignment and 
aircraft routing. This integration is important for 
airlines because crew costs are the second largest 
component of airline operating expenses (after fuel 
costs), and the assignment and routing of aircraft 
plus the assignment of crews are two closely 
interacting components of the planning process.  
4.2 Integrated Schedule Design and Fleet 
Assignment Model 
This section about, the integrated schedule design 
and fleet assignment model (ISD-FAM) that built 
upon the itinerary-based fleet assignment model 
(IFAM). From the reference they assumed that 
markets are independent of one another that is, 
demands in a market do not interact with demands 
in any other markets. This is more easier to adjust 
demand for each market only if the schedule for 
that market is modified. ISD-FAM adjusts demand 
as changes are made to the schedule, using demand 
correction terms. For example, the demand 
correction term ∆D
 
  corrects demand on itinerary p 
when itinerary q is deleted (that is, one or more 
flight legs in q are deleted) from the flight network. 
Consider the example in Figure 3. Suppose that the 
first and second itineraries are mandatory 
itineraries; that is, they contain only mandatory 
flights. The third and fourth itineraries are optional 
itineraries; that is, each of these itineraries contains 
at least one optional flight. Suppose that the fourth 
itinerary in Figure 3(b) is deleted. Then, by estimate 
the increase of 40 passengers on the second 
itinerary and 20 passengers on the third itinerary 
represent the demand correction terms on the 












   =0. 
Thus, the demand correction terms can capture the 
changes in itinerary demands when one optional 
itinerary is deleted in a market. 
To estimate these new demands accurately, so in 
generally, nth degree correction terms might be 
needed to correct demand exactly when n optional 
itineraries are dropped simultaneously from a 
market, and however these higher order correction 
are omitted for tractability. In this ISD-FDM 
formulation, demand correction term is applied 
only if itinerary are deleted from the network. The 
itinerary status variable Zq indicates whether or not 
itinerary q is operated, and only operated when all 
flight legs contained in q are operated as well. 
4.2.1 Objective Function 
In this section, average unconstrained itinerary 
demands are count with a schedule evaluation 
model with all optional flights flown. Usually the 




minimize a cost. There are four components that 
can evaluate the profit value:  
 Initial unconstrained revenue (R) 
 Changes in unconstrained revenue due to 
market demand changes (∆R) 
 Lost revenue due to spill (S) 
 Recaptured revenue from recapturing 
spilled passengers (M) 
Otherwise, b
 
   denoted as a recapture rate that 
measure the probability of passenger spilled from 
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Max R- ∆R- S +M-O (1) 
Equation (1) states that the contribution maximizing 
objective function of ISD-FAM. 
 Min O + (S-M) + ∆R (2) 
Besides that, equation (2) obtains by reverse the 
signs of the rest of the terms in equation (1). 
Additional cost items that can be included are 
passenger-related costs, passenger carrying costs 
and cost per revenue dollar. This cost can be 
combined into the model by deducting them from 
the revenue obtained from passenger.  
4.2.2 Formulation 
From the research of the ISD-FAM, there are 12 
constraints can be formulated like mandatory flight, 
optional model, conservation of aircraft flows, 
available of aircraft, capacity, passengers spilled, 
unconstrained demand, corrected demand and 
itinerary status. Passenger Flow Adjustment, to 
adjust passenger flows, ISD-FAM employed two 
mechanisms, first is demand correction terms and 
second is recapture rate. Both mechanisms 
accomplish the goal of accommodating passengers 
on alternate itineraries when desired itineraries are 
not available, but with a different basic assumption. 
However, with demand correction terms, ISD-FAM 
attempts to capture demand and supply interactions 
by adjusting the unconstrained demand on alternate 
itineraries. Hence, with recapture rates, ISD-FAM 
try to reallocate passengers on alternate itineraries 
in some market when an itineraries is capacitated, 
utilizing the recapture rates, However, this 
mechanism does not affect the total unconstrained 
demand of the airline in market. 
 
4.2.3 Solution Approach 
Mostly approach that going to be chosen is 
algorithm by excluding all 12 constrains and 
include only spill variables. So, recapture rate, 
demand data, demand correction terms and 
fleet composition and size. In order to estimate 
exactly all correction terms and include all of 
them in ISD-FAM, it can be done by using a 
schedule evaluation model. Then, by solving 
ISD-FAM once, an optimal schedule is 
determined. 
4.2.4 Computational Results 
According to the researcher, they run a 
computational test for ISD-FAM as outlined in 
figure 3. By using Period 1 schedule as a base 
schedule, planners provide a master flight list 
including both mandatory and optional flight legs. 
 
Figure 3 Testing Methodology 
So, researcher perform they are experiment on 
actual data, including the planners schedule, 
provided by a major U.S airline. All runs are 
performed on an HP C-3000 workstation computer 
with two GB RAM and running CPLEX 6.5. 
1.0 
  





4.2.5 Approximate Schedule Design and Fleet 
Assignment Model 
In this part, will present the fundamental concept, 
model formulation and solution algorithm of an 
approximate schedule design and fleet assignment 
model (ASD-FAM). Researcher demonstrate that 
although recapture rate do not alter total 
unconstrained demand, capacity constraints on 
other itineraries and recapture rates indirectly 
dictate the maximum number of passengers the 
airline can accommodate within the system. 
4.2.6 Formulation 
ASD-FAM is a special case of ISD-FAM, in which 
all demand correction terms are removed. As the 
result there are nine constraints. Hence, in solution 
approach the accuracy of ASD-FAM is critically 
linked to the modified recapture rates, because they 
are the only mechanism through which market 
demand is adjusted and through which passengers 
can be reallocated. Thus, the solution for ASD-
FAM is the ISD-FAM algorithm, outlined in figure 
4, with a little bit alteration. 
 
4.2.7 Computational Results  
ASD-FAM evaluated on the two medium-size 
schedules used for testing ISD-FAM. The testing 
procedure is as outlined in figure 3. From the both 
data set, researcher found that, all flights are 
optional. So, they showed a full size problem at a 
major U.S airline. However, ASD-FAM achieves a 
daily improvement over the planner schedule. Both 
data sets showed, ASD-FAM produces schedules 
that operate fewer flight legs. In order to run this 
problem, researcher used a six-processor 
workstation and running parallel CPLEX. 
5.0 DISCUSSION AND CONCLUSION 
Airport schedule management is important. It can 
affect much aspect. For example when the schedule 
is always delayed, the customer wills complaint. 
The airport should give the best service to the 
customer. Because customer is always right. 
Customer is the important factor that can give profit 
to the airport. The schedule management is caused 
by the factor of seasonal changes, crew, irregular 
operation or management of the airport, facilities 
and marketing.  Airport schedule have a few 
process.  The scheduling process begins with 
schedule construction, a process concerned with 
generating a feasible plan for which cities to and at 
what times. After the schedule is fixed, the airline 
has to decide what aircraft type will be assigned to 
each flight, a process known as fleet planning. Fleet 
planning is followed by aircraft maintenance 
routing assigning a specific aircraft (tail number) in 
the airline's feet to each flight. This assignment 
basically represents aircraft routing taking into 
consideration that each aircraft has to be able to 
undergo planned periodic maintenance at certain 
stations and at a certain frequency. Both fleet 
assignment and maintenance routing manage the 
airline's equipment. Crew scheduling, on the other 
hand, involves deciding who flies the equipment, i.e. 
assigning specific crew (pilots and cabin crew) to 
the schedule.  When the schedule is less postpone, 
so that the customer will satisfied with the service 
and will always come to that airlines. 
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